On behalf of the BABAR and Belle collaborations, we report on the measurement of the angle γ and on the sum of angles 2β + γ of the Unitarity Triangle.
Introduction
The angle γ (or φ 3 ) of the unitarity triangle is related to the complex phase of the CKM matrix element V ub through V ub = |V ub |e −iγ . Various methods have been proposed to measure the angle γ. We report on two classes of measurements: time independent measurements in decays Three different methods have been used so far:
• The GLW method [1] : the D 0 and the D 0 decay to a CP eigenstate
• The ADS method [2] : the D 0 from the favored b → c amplitude is reconstructed in the doublyCabbibo suppressed final state K + π − , while the D 0 from the b → u suppressed amplitude is reconstructed in the favored final state K + π − .
• The GGSZ (Dalitz) method [3] : the D 0 and the D 0 are reconstructed in the same K 0 S π + π − three body final state. This is based on the analysis of the K 0 S π + π − Dalitz distribution and can to some extent be considered as a mixture of the two previous methods, depending on the position in the Dalitz plot.
In all three methods, the experimental observables depend on two additional parameters which need to be determined in order to extract useful constraints on the value of γ: the magnitude r B of the ratio of the amplitudes for the processes Fig. 1 ) and the relative strong phase δ B between these two amplitudes. The amplitude ratio r B and the phase δ B are specific of each B decay mode reconstructed (D 0 K, D * 0 K and D 0 K * ).
The GLW method and results:
The results of the GLW analyses are usually expressed in terms of the ratios R CP ± of charge-averaged partial rates and of the partial-rate charge asymmetries A CP ± ,
where CP+ refers to the CP-even final states π + π − and K + K − and CP− refers to the CP-odd final
and A CP ± are related to the angle γ, the amplitude ratio r B and the strong phase difference δ B through the relations R CP ± = 1 + r 2 B ± 2r B cos δ B cos γ and A CP ± = ±2r B sin δ B sin γ/R CP ± [1] , thus allowing a determination of the 3 unknowns (r B , δ B and γ) up to an 8 fold ambiguity in γ. The variation of R CP and A CP vs the strong phase δ B for r B = 0.10 is shown in Fig.2 for different values of γ. The asymmetries for CP+ and CP− states have opposite signs, while the Bf ratios are approximately symmetric respective to 1. The GLW method is theoretically clean, with nearly no hadronic uncertainty. However, it is experimentally challenging, as the effective branching ratio for the decay modes reconstructed is of the orfpcp06 142 Fig.3 . The different BABAR and Belle B − → D ( * )0 K ( * )− analysis are described in detail in references [4, 5, 6, 7] and their results are summarized in Table I . Due to the limited statistics and to the smallness of the r B parameter, the GLW method alone is not yet able to provide strong constraints on γ. For the B − → D 0 K − decay channel, 3σ significant differences between B − and B + data seem to be within reach in the near future, when ∼ 1ab −1 of data will have been collected in each experiment. 
ADS Results:
In the Atwood-Dunietz-Soni (ADS) method, instead of using CP eigenstate decays of the D 0 , the decays The overall effective branching ratio for the final state
, but the two interfering diagrams are of the same order of magnitude and large asymmetries are therefore expected. The favored decay mode
− is used to normalize the measurement and cancel many experimental systematics. The main experimental observable are the ratio R ADS of the suppressed to favored modes and the B − / B + asymmetry: 
where [9] are the suppressed to favored B and D amplitude ratios, and δ B and δ D are the strong phase differences between the two B and D decay amplitudes, respectively. As it can be seen from Eq. 3, R ADS is highly sensitive to r 2 B . Using a sample of 232 × 10 6 BB events, BABAR reconstructs 5 [10, 11] . From 386 × 10 6 BB events, Belle reconstructs 0.0 [12] . None of these results are statistically significant and for the D 0 K and D * 0 K channels limits on R ADS and r B are extracted. The Belle result for Fig.4 . The least restrictive limit is obtained allowing ±1σ variation on r D and assuming maximal interference (γ = 0
result, a frequentist approach has been used to combine the results from the GLW and ADS methods, resulting in r B = 0.28
−0.10 and excluding the interval 75 o < γ < 105 o at the two standard deviation level. A summary of the BABAR and Belle ADS results can be found in Table II , and more details on the analysis in Ref. [10, 11, 12] . Similar to the GLW analysis, more statistics are needed to constraint γ from the ADS method. 
The
Information on the weak phase γ, the strong phase difference δ B and the ratio r 
known. Both BABAR and Belle extract 
Using a sample of 227×10 6 BB events, BABAR reconstructs 282 ± 20 events in the 
sin(2β + γ) measurements
( * ) ρ and B 0 → D ( * )0 K 0 can be used to constrain sin(2β + γ) [16] . As β is well known from b → ccs, a constraint on the angle γ follows. The B 0 → D ( * ) π method uses an interference between the usual Cabibbo-favored b → c channel and the doublyCabibbo suppressed b → u channel (Fig.8) . These two amplitudes have a relative weak phase of γ, and a weak phase of 2β is provided by the B 0 B 0 mixing. These modes have the advantage of a "large" (∼ 0.5%) branching fraction but the price to pay is the small ra-tio r of the suppressed to favored amplitudes,
This results in very small CP-asymmetries. Moreover, the ratio r cannot be measured directly, but has to be estimated from the measurement of B(B 0 → D 
The experimental observables are the coefficients S ± and C of the sin(∆m∆t) and cos(∆m∆t) terms in the time dependent asymmetries of
For small values of r, the parameter S ± is given by S ± ≃ 2r sin(2β + γ ± δ), where δ is the strong phase difference between the b → u and b → c decay amplitudes.
Potential competing CP violating effects can arise from b → u transitions on the tag side if a Kaon is used to tag the flavor of the other B 0 in the event, resulting in an additional sin term S ′± = 2r ′ sin(2β + γ ± δ ′ ). Here, r ′ (δ ′ ) are the effective amplitude (phase) used to parameterize the tag side interference. To account for this term, BABAR chooses to rewrite S ± as S ± = (a±c)+b, where a = 2r sin(2β+γ) cos(δ), c = cos(2β+ γ)[2r sin(δ)+2r ′ sin(δ ′ )] and b = 2r ′ sin(2β+γ) cos(δ ′ ). This parametrization has the advantage that the a parameter does not depend on the tagging category. On the other hand, the c parameter can only be estimated with lepton-tagged events, for which one has c = c lept = cos(2β + γ)[2r sin(δ)]. The b parameter characterizes CP violation on the tag side and does not contribute to the interpretation. In the approach chosen by BABAR, the a and c lept parameters are fitted. Belle, on the contrary, chooses to fit the S ± parameters but measures tag-side CPV parameters S ′± using a sample of D * lν l events, which can have only tag-side CP-violation.
BABAR BABAR has published results based on a statistics of 232 × 10 6 BB events [17] . From 18710 D * ± π ∓ events tagged with a lepton (purity 54%), and 70580 D * ± π ∓ events tagged with a kaon (purity 31%) the parameters related to 2β + γ are measured to be where the first error is statistical and the second is systematic. This is the world most precise measurement of CP-violating parameters in B → D ( * ) π decays to date. BABAR has also published results based on a statistics of 232 × 10 6 BB events for the fully exclusive analysis of B 0 → Dπ, D * π and Dρ [18] . From a time-dependent maximum likelihood fit to a sample of 15038 D ± π ∓ events (purity 87%), 14002 D * ± π ∓ events (purity 87%), and 8736 D ± ρ ∓ events (purity 82%), the parameters related to the CP violation angle 2β + γ are measured to be: 
B→D
* ± π ∓ sample, using a frequentist method described in Ref. [17] to set a constraint on 2β+γ. Based on the results from Refs. [19, 20] , the values of the amplitude ratios r D * π , r Dπ and r Dρ used to set this constraint are:
+0.004
−0.006 ± 0.005(theory), r Dπ = 0.019 ± 0.004 ± 0.006(theory), r Dρ = 0.003 ± 0.006 ± 0.001(theory)
The confidence level as a function of |sin(2β + γ)| is shown in Fig. 9 and BABAR sets the lower limits |sin(2β +γ)| > 0.64 (0.40) at 68% (90%) C.L.
For
BB events [21] . The CP violation parameters used in the Belle analysis are
where L is the orbital angular momentum of the final state (1 for D * π and 0 for Dπ), and δ is the strong phase difference of the V cb and V ub amplitudes. The values of r and δ depend on the choice of the final states, and are denoted with subscripts D * π and Dπ in what follows. It should be noted that the definition of the S ± parameter used by BABAR and Belle differ by a factor (−1)
L . With the partial reconstruction method, 21741 D * π events tagged by a lepton from the opposite B decay are reconstructed, and the purity is 66%. With the fully exclusive reconstruction, 31491 D * π events (purity 89%) and 31725 Dπ events (purity 83%) are reconstructed (all tags). The final results expressed in terms of S + and S − , which are related to the CKM angles β/φ 1 and γ/φ 3 , the ratio of suppressed to favoured amplitudes, and the strong phase difference between them, as
for Dπ, are Using these values, they obtain 68% (95%) confidence level lower limits on | sin(2β + γ)| of 0.44 (0.13) and 0.52 (0.07) from the D * π and Dπ modes, respectively. In order to compare and average the BABAR and Belle results, the HFAG group [8] has converted the Belle results to express them in terms of the parameters a and c used in the BABAR experiment. A comparison of these results, together with the corresponding averages, is shown in Fig.11 . Individual measurements of a with a statistical significance better than 3σ should be within reach before the end of the Bfactory era. 
B(B
where θ c is the Cabibbo angle, and From the number of signal events observed, BABAR computes the following branching fractions:
Assuming SU(3) relation, Eq. (7), the following values of the amplitude ratio r are determined:
This implies small CP asymmetries in B 0 →D ( * )∓ π ± decays.
Search for
It was recently suggested to use the decays B 0 → D ( * )+ a − 0(2) for measuring sin(2β + γ) [24] . These decay can proceed through the two diagrams shown in Fig.12 and it is expected that the V cb amplitude is significantly suppressed respective to the V ub amplitude, giving significant CP-asymmetries.
The .
Study of
The decay modes B 0 → D ( * )0 K 0 offer a new approach for the determination of sin(2β + γ) from the measurement of time-dependent CP asymmetries in these decays. The CP asymmetry appears as a result of the interference between two diagrams leading to the same final state D The sensitivity of this method depends on the rates for these decays and the ratio r This measurement is in good agreement with previous results from Belle [29] . From the absence of signal for the V ub mediated mode B 0 → D 0 K * 0 , the limit r B < 0.40 at 90% C.L. is obtained. The present signal yields combined with this limit onr B suggest that a substantially larger data sample is needed for a competitive time-dependent measurement of sin(2β + γ) inB 0 → D ( * )0K 0 decays.
Conclusion
Although the angle γ/φ 3 is the most difficult to measure of the Unitarity Triangle angles at the Bfactories, very promising progress has been made in constraining it over the past few years. With the increase of statistics expected between now and 2008, and because these measurements are theoretically clean, both γ and sin(2β + γ) will progress toward becoming precision measurements before the end of the decade.
